Background
• The central issue is to pin down the mechanism of the mid-latitude LFV in the most general sense. This mechanism must belong to one of the following categories:
(1) Intrinsic atmospheric, (2) Intrinsic oceanic, (3) Coupled oceanic/atmospheric.
• Comprehensive ocean-atmosphere GCMs do not yet discriminate between the above options, because:
(a) On the technical level, dynamics in the GCMs is very difficult to analyze; (b) On the fundamental level, oceanic mesoscale eddies in the GCMs are not properly resolved and, instead, are often inaccurately "parameterized" =⇒ testing (2) and (3) is problematic.
• Our understanding of the intrinsic oceanic LFV is mostly advanced in terms of the single physical idea. This idea heavily relies on the assumption that effects of the mesoscale eddies can be approximated by the momentum diffusion:
The "dynamical systems" school of thought explains the LFV in terms of the early bifurcations of some nonlinear steady states;
Statement of the Problem
• Working Hypothesis: Mechanism of the midlatitude LFV is intrinsic oceanic.
• Research Tactics:
To address the LFV with a turbulent (i.e., full of mesoscale eddies) but, otherwise, idealized model of the ocean dynamics.
-Diffusive assumption is largely relaxed; -Standard QG model of oceanic gyres with spatial resolution down to 2-3 km.
• Main Questions:
(1) What is the generic LFV pattern?
(2) What is the dynamical mechanism that drives it?
• Precursory Results: Berloff and McWilliams (1999) . • The decadal cycle can be described by transitions between the 4 key states:
corresponding to the extreme values of the leading principle components.
What are the key dynamical ingredients of the underlying LFV mechanism?
Response to PV Anomalies 
POTENTIAL VORTICITY ANOMALIES OF THE KEY STATES

A B C D
Response to PV anomaly is part of the underlying LFV mechanism:
-PV anomaly of the same sign as the gyre causes this gyre to shrink =⇒ meridional shift of the eastward jet. Let 's consider "rectified" (i.e., time-mean) response to a localized "plunger" (oscillating forcing) with zero mean.
The transient response is dominated by resolved eddies...
• Both nonlinearity and beta effect are necessary for the flow rectification.
• Rectification can be driven by fluctuations of the internal eddy forcing:
In the eddy-resolving ocean model, ensemble of "plungers" (generated by flow instabilities) is diagnozed and quantified over the LFV cycle.
-More efficient F (t, x) drives stronger eastward jet, as in key state B.
Other Physical Ingredients:
• As suggested by the PV analysis, LFV is dominated by (1) Eddy inter-gyre flux, (2) Geometric wind effect: correlation between size of the gyre and PV wind forcing.
• Variability of the eddy inter-gyre flux is anti-diffusive: strong inter-gyre PV contrast is associated with the inhibited PV flux.
-This is because the oceanic eastward jet is a partial transport barrier; -Permeability of the barrier is controlled by the rectification process.
• Over the LFV cycle, flow either has positive/negative PV anomaly, or it is over/under rectified with respect to the wind forcing input. Now, let's combine all of the identified physical ingredients in the unified LFV mechanism...
